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ABSTRACT
Objective To assess the relation between adherence to a
Mediterranean diet and the incidence of diabetes among
initially healthy participants.
DesignProspective cohort studywith estimates of relative
risk adjusted for sex, age, years of university education,
total energy intake, body mass index, physical activity,
sedentary habits, smoking, family history of diabetes, and
personal history of hypertension.
Setting Spanish university department.
Participants13380 Spanish university graduates without
diabetesat baseline followedup for amedianof 4.4 years.
Main outcome measures Dietary habits assessed at
baseline with a validated 136 item food frequency
questionnaire and scored on a nine point index. New
cases of diabetes confirmed through medical reports and
an additional detailed questionnaire posted to those who
self reported a new diagnosis of diabetes by a doctor
during follow-up. Confirmed cases of type 2 diabetes.
Results Participants who adhered closely to a
Mediterranean diet had a lower risk of diabetes. The
incidence rate ratios adjusted for sex and age were 0.41
(95% confidence interval 0.19 to 0.87) for those with
moderate adherence (score 3-6) and 0.17 (0.04 to 0.75)
for thosewith thehighestadherence (score7-9) compared
with those with low adherence (score <3). In the fully
adjusted analyses the results were similar. A two point
increase in the score was associated with a 35% relative
reduction in the risk of diabetes (incidence rate ratio 0.65,
0.44 to 0.95), with a significant inverse linear trend
(P=0.04) in the multivariate analysis.
Conclusion Adherence to a Mediterranean diet is
associated with a reduced risk of diabetes.
INTRODUCTION
Diabetes mellitus is an increasingly important global
public health problem that threatens to reach pan-
demic levels by 2030.1 2 As some randomised trials
have consistently shown, increased physical activity
and weight loss are efficient approaches for the control
and prevention of type 2 diabetes.3 4 Diet has also long
been believed to be an important risk factor for
diabetes. Many studies have shown that the Mediter-
ranean food pattern has a role in prevention of
cardiovascular disease.5-9 The similarity of some risk
factors and some empirical and mechanistic evidence
suggest that the Mediterranean diet can also protect
against diabetes. The major protective characteristics
include a high intake of fibre, a high intake of vegetable
fat, a low intake of trans fatty acids, and a moderate
intake of alcohol.4 10 11Moreover, a particular feature of
the diet is the abundant use of virgin olive oil for
cooking, frying, spreading on bread, or dressing
salads.12 This leads to a high ratio of monounsaturated
fatty acids to saturated fatty acids.This ratio canbeused
to score adherence to a Mediterranean diet8 as the
traditional diet. Despite having a relatively high
total fat content, this food pattern is rich in mono-
unsaturated fatty acids (from olive oil) and poor in
saturated fatty acids. Diets rich in monounsaturated
fatty acids improve lipid profiles andglycaemic control
in people with diabetes, suggesting that a high intake
improves insulin sensitivity.13-16 Together these asso-
ciations suggest thehypothesis that followinganoverall
pattern of Mediterranean diet can protect against
diabetes. In addition to having a long tradition of use
without evidence of harm, a Mediterranean diet is
highly palatable, and people are likely to comply with
it.17
Few prospective studies have evaluated the specific
role of theMediterraneandiet on the risk of developing
diabetes in initially healthy Mediterranean popula-
tions. A prospective follow-up study recently reported
an inverse association between adherence to the diet
and the incidence of diabetes.18 All members of that
study, however, had survived a previous myocardial
infarction and the tool to assess dietary habits had
inherent limitations because it included only a short list
of items, and the authors didnot attempt tomeasure the
entire diet.
Weevaluated theassociationbetweenadherence toa
Mediterranean diet and the incidence of diabetes using
a full validated food frequency questionnaire to
measure the entire diet.
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METHODS
Study population
The objectives, design, and methods of the SUN
project (“Seguimiento Universidad de Navarra” (Uni-
versity of Navarra follow-up) have been described
elsewhere.19 20 Briefly, we invited all former students of
the University of Navarra, registered nurses from
Spanish provinces, and university graduates from
other associations to take part in the project. We
posted them a questionnaire and an invitation letter to
participate in a long term follow-up study. The first
participants were recruited in December 1999. Using
successive waves of invitation to different groups of
university graduates,wehave increased the sample size
of the cohort. The design is that of a dynamic cohort
and the recruitement is permanently open. We
considered a response to the initial questionnaire as
informed consent to participate in the study.
After the baseline assessment, every two years we
send participants follow-up questionnaires on diet,
lifestyle, risk factors, and medical conditions.20 Parti-
cipants who do not reply to the follow-up question-
naires are sent up to five additional mailings.
Participants are aged 20-90 years at baseline.
Up to November 2007, the project had enrolled
18 700 participants. From these, 15 970 were eligible
for follow-upbecause theyhad takenpart formore than
two years and had completed the follow-up process
(entering the cohort up to March 2005), of whom
13 753 (86.1%) had completed at least their two year
follow-up questionnaire. Among them, 9298 partici-
pants who had taken part for more than four years had
completed at least the four year follow-up question-
naire and 4993 had completed the six year follow-up
questionnaire. For this analysis, we excluded partici-
pants who had diabetes at baseline and those who
reported a baseline history of cardiovascular disease.
This left 13 380 for analyses.
Dietary assessment
We assessed dietary habits at baseline using a semi-
quantitative food frequency questionnaire with 136
items, previously validated in Spain.21 In the validation
study, the correlation coefficients between the ques-
tionnaire anddiet records ranged from0.45 for vitamin
A to 0.91 for alcohol.21 With regard to gross
misclassification, on average 3% of participants classi-
fied in the highest or lowest fifth of the distribution by
food record were assigned to the lowest or highest fifth
by the food frequency questionnaire.21 The question-
naire was based on typical portion sizes and had nine
options for the frequency of intake in the previous year
for each food item (ranging fromnever or almost never
to six or more times a day). We used the sum of the
consumption of each of several food items to estimate
the overall consumption of the food group to which
each item belonged (vegetables, fruits, cereals,
legumes, fish, meats, fast food, dairy products). We
applied the specified portion sizes for each item and
summed up across all foods of that group. Then we
computed the mean for all the participants in each
category of the three categories of the score to create an
estimated daily intake.
Nutrient intake scores were computed with a
specifically developed computer program. A trained
dietitian updated the nutrient data bank using the latest
available information included in food composition
tables for Spain. The questionnaire included questions
on use of fats and oils, cooking methods, and dietary
supplements. For example, we calculated total con-
sumption of olive oil (a major source of monounsatu-
rated fat in this population) from the nutrient score of
olive oil consumption, taking into account the amount
and type of olive oil used for cooking or frying and the
use of oliveoil for saladdressingor as a spreadonbread
or other foods.
Adherence to the Mediterranean diet was appraised
according to the score created by Trichopoulou et al,22
which is extensively used because it is simple and has
variants created to evaluate multiple diet-health
relations.23 Originally, this index included only eight
components to define the Mediterranean diet22: high
ratio of monounsaturated:saturated fatty acids, mod-
erate intake of alcohol, high intake of legumes, high
intake of grains, high intake of fruit and nuts, high
intake of vegetables, low intake of meat and meat
products, and moderate intake of milk and dairy
products. The same authors subsequently added high
intake of fish.8 The index assigns a score of 0 or 1
according to the daily intake of each of the nine
components. With the exception of alcohol, the sex
specific medians of the sample were used as cut-off
points and the unit of measurement was grams per
day.8 22-24 For each of the six protective components
(fatty acid ratio, legumes, grains, fruits, vegetables, or
fish) participants received one point if their intake was
over the sample median. Participants received one
point if the intake was below the median for the two
non-protective components (dairy products or meat).
For alcohol one point was scored if consumption was
10-50 g/day for men or 5-25 g/day for women. If
participants met all the characteristics of the Mediter-
ranean diet, their score was the highest (nine points),
reflectingmaximumadherence. If theymet none of the
characteristics the score was minimum (zero), reflect-
ing no adherence at all.
Assessment of other covariates
The baseline questionnaire requested information
about the main known risk factors for diabetes. We
also collected information on sociodemographic fac-
tors (sex, age, university degree, and marital and
employment status), anthropometric measurements
(weight, height), health related habits (smoking status,
physical activity, sedentary lifestyle), and clinical
variables (use of medication, personal and family
history of diabetes and hypertension, coronary heart
disease, and other cardiovascular disease). The validity
of self reported weight and bodymass index (BMI) has
been previously documented in a subsample of this
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cohort.25 We assessed the participation and time spent
in 17 different activities, using a physical activity
questionnairepreviouslyvalidated inSpain.26The time
spent at eachactivity inhours eachweekwasmultiplied
by its typical energy expenditure, expressed in meta-
bolic equivalent tasks (METs), then summed over all
activities to yield a METs-hour/week score for each
participant.27
Ascertainment of diabetes
Participants reported anymedical diagnosis of diabetes
at baseline and in each of the follow-up questionnaires.
Thebaselinequestionnaire also collecteddataonuseof
insulin or oral antidiabetic agents. Follow-up ques-
tionnaires recorded the date of any new diagnosis of
diabetes (if applicable).
Participants were considered to have diabetes at
baseline if they reportedamedicaldiagnosisofdiabetes
or were receiving insulin or oral antidiabetic agents.
Probable cases of new onset diabetes were defined as
those participants who reported a diagnosis of diabetes
made by a doctor in the follow-up questionnaire and
did not have diabetes at baseline. We sent additional
questionnaires to participants who reported probable
new onset diabetes, requesting confirmation of the
diagnosis, the typeofdiabetes, thedateof thediagnosis,
whether the diabeteswas diagnosed during pregnancy,
the highest fasting glucose value that they ever had,
whether they had ever undergone an oral glucose
tolerance test and its results, their current use of insulin
or oral antidiabetic agents, and the incidence of some
complications. We also asked them to send us the
medical report detailing the diagnosis. A panel of
physicians, blinded to the information about dietary
habits, used the information provided by participants
(additional questionaires and medical reports) to
classify the diagnosis as incident type 2 diabetes or
not. The diagnosis criteria for type 2 diabetes were
those of the American Diabetes Association (symp-
toms of diabetes plus casual plasma glucose concentra-
tion ≥11.1 mmol/l or fasting plasma glucose
≥7.0 mmol/l, or two hour postload glucose
≥11.1 mmol/l during an oral glucose tolerance test; in
the absence of unequivocal hyperglycaemia, confirma-
tion by repeat testing on a different day is requested).
Participants were classified as having confirmed
incident type 2 diabetes only if they sent us written
confirmation that the diagnosis had been received at
least six months after they completed the baseline
questionnaire and the diagnosis was not made during
pregnancy (that is, we excluded cases of gestational
diabetes).
Statistical analysis
To estimate incidence rate ratios and their 95%
confidence intervals,we ranPoisson regressionmodels
with robust standard errors, controlling simulta-
neously for known risk factors for diabetes: sex, age,
years of university education, total energy intake, body
mass index, physical activity, hours sitting down a
week, family history of diabetes, baseline hyperten-
sion, and smoking. For all analyses, we considered
participants with the lowest level of adherence to the
Mediterranean diet (score <3) at baseline as the
reference category.
Whenwe designed the study, taking into account the
planned age and sex distribution of cohort members
and the available data about incidence of diabetes in
Spain, we expected an overall rate of new onset type 2
diabetes of three cases for 1000 person years of follow-
up. Thus, in the follow-up of 12 000 cohort members
for an average 4.4 years we would have expected 158
new cases of type 2 diabetes and the statistical power
would have been >90% for the comparison of the two
extreme quarters, assuming a relative risk of 0.5 and a
two tailed α error of 0.05. The statistical power for the
trend test would be higher because both intermediate
quarters would also be taken into account.
Because of the surprisingly low incidence of con-
firmed cases of diabetes, instead of using quarters, we
grouped the exposure variable into only three cate-
gories. In addition to the reference category (lowest
adherence, score <3), we built two other categories:
moderate adherence (score 3-6) and high adherence
(score 7-9). We did not use any imputation method for
the missing data of participants lost to follow-up.
Missing data for baseline leisure time physical activity
(5.2%), smoking (3.6%), height (1.0%), orweight (0.2%)
were imputed by using regression models. We treated
participants with missing data for hours spent sitting
down a week (20.9%) as a separate category for this
variable.We conducted tests of linear trend (likelihood
ratio test) across increasing categories of the score by
using the score as a continuous variable and adjusting
for the potential confounders. All P values were two
tailed, and significance was set at P<0.05.
RESULTS
During the follow-up period (median 4.4 years), 103
participants initially free of diabetes (according to their
baseline questionnaire) self reported a newdiagnosis of
diabetes. After we excluded 39womenwho developed
gestational diabetes, six cases of impaired glucose
tolerance mistakenly reported by participants as
diabetes, three participants with prevalent type 2
diabetes at baselinewhodid not report it in the baseline
questionnaire, one case of incident type 1 diabetes, and
21 participants who did not send us any additional
medical report, we identified 33 cases of new onset
confirmed type 2 diabetes among 58 918 person years
of follow-up.
Table 1 shows the characteristics of the participants
according to their level of adherence to the Mediterra-
nean diet. Though participants with the highest
adherence to the diet (score >6) had a higher level of
leisure time physical activity, they also exhibited a
higher baseline prevalence of most risk factors for
diabetes because they were older, had a higher BMI, a
higher total energy intake, were more likely to have
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high blood pressure or a family history of diabetes, and
more likely to be former smokers.
When we assessed the risk of diabetes according to
levels of adherence to the diet we found a significant
inverse association after adjustment for age and sex
(table 2). Further multivariate adjustment for total
years of university education (three categories), BMI
(continuous), family history of diabetes (two cate-
gories), hypertension at baseline (two categories),
physical activity (three categories), hours sitting down
a week (five categories), smoking (three categories),
and total energy intake (continuous) did not lead to
substantial changes in the estimates, age being the
major confounding factor. High adherence to the diet
(score >6) was associated with an 83% relative
reduction in the risk of developing diabetes (incidence
rate ratio 0.17, 95% confidence interval 0.04 to 0.75).
Whenwe introduced the score as a continuous variable
we found that an increase of two points in the scorewas
associated with an incidence rate ratio of 0.65 (0.44 to
0.95) in the fully adjusted model, indicating that a two
point increase in the score resulted in a 35% relative
reduction in the risk of developing diabetes. The
multivariate adjusted inverse linear trend was signifi-
cant (P=0.04).
DISCUSSION
This large prospective study shows that a traditional
Mediterranean food pattern is associated with a
significant reduction in the risk of developing type 2
diabetes.
Interestingly, among participants with the highest
adherence to the diet, there was a high prevalence of
important risk factors for diabetes, such as older age,
higher BMI, family history of diabetes, and personal
history of hypertension and a higher proportion of ex-
smokers. Therefore, we would have expected a higher
incidence of diabetes among these participants. These
higher risk participants with better adherence to the
diet, however, had a lower risk of diabetes, suggesting
that the diet might have a substantial potential for
prevention.This finding is consistentwithour previous
report of an inverse association between a Mediterra-
nean diet and the metabolic syndrome.24 The meta-
bolic syndrome is closely associated with a generalised
metabolic disorder of insulin resistance,which is one of
the underlying causes of type 2 diabetes. Therefore a
high biological plausibility exists to support the
causality of our findings. In addition, a previous cohort
study of survivors of myocardial infarction also
reported that a higher adherence to a Mediterranean
diet was associatedwith a reduction in the risk of type 2
diabetes,18 despite use of a relatively inaccurate tool for
the dietary assessment. The inverse graded dose-
response pattern and the significant inverse trend that
we observed also support a causal relation.
Diet and disease
Experimental evidence suggesting that a diet similar to
the Mediterranean diet and rich in plant based foods
might protect against diabetes can also be found in the
Indian diabetes prevention programme. That trial
promoted a plant based diet (together with increases in
physical activity) and found a significant reduction in
the incidence of diabetes,28 although there are clear
differences between the Mediterranean and Indian
food patterns.
There is an analogy between coronary heart disease
and diabetes because patients with type 2 diabetes and
no coronary heart disease have a risk of coronary heart
disease similar to patients without diabetes but with
prior coronary heart disease.29 There is evidence that a
Mediterranean diet protects against coronary heart
disease, and the analogy between coronary heart
disease and diabetes suggests that this diet might also
prevent diabetes. It has been shown to provide
protection against coronary mortality89 30 31 and the
incidence of non-fatal myocardial infarction.32 In
addition, both cohort studies33-35 and randomised
trials36 have found that adherence to a Mediterranean
Table 1 | Baseline characteristics of 13 380participants according to adherence (Trichopoulou’s
score22) toMediterranean foodpattern at baseline. Figures aremeans (SD) unless stated
otherwise
Low (score 0-2;
n=2253)
Moderate (score 3-
6; n=9604)
High (score 7-9,
n=1523)
Sex (% men) 39.7 39.0 44.1
Age (years) 33.8 (9.9) 37.9 (11.7) 42.9 (12.4)
Years of university education 5.0 (1.6) 5.0 (1.6) 5.0 (1.6)
Body mass index (kg/m2) 23.0 (3.4) 23.4 (3.4) 23.8 (3.4)
Weight (kg) 66.2 (14.4) 66.9 (13.9) 67.8 (13.3)
Mean yearly weight increase (kg) 0.4 (4.1) 0.3 (3.3) 0.4 (4.3)
Physical activity (METs-h/week) 24.1 (23.4) 29.3 (26.2) 36.4 (29.2)
Hours/week sitting down 39.0 (15.5) 37.2 (15.6) 35.6 (15.0)
Family history of diabetes (%) 11.9 13.8 16.7
Former smokers (%) 22.1 28.8 37.5
Current smokers (%) 24.2 24.2 22.7
Hypertension at baseline (%)* 6.2 9.0 13.1
Total energy intake (MJ/day)† 10 (4) 11 (4) 12 (4)
Fatty acids (% of total caloric intake)†:
Saturated 15 (3) 12 (3) 10 (2)
Monounsaturated 16 (3) 16 (4) 15 (4)
Dietary intake (g/day)†:
Alcohol 4 (9) 7 (11) 10 (11)
Total dietary fibre 18 (8) 29 (15) 41 (18)
Cereal fibre 2 (2) 4 (3) 5 (4)
Olive oil 12 (11) 19 (17) 26 (18)
Vegetables 308 (189) 547 (388) 773 (430)
Fruits 176 (153) 371 (347) 559 (408)
Cereals 77 (69) 113 (89) 150 (98)
Legumes 17 (14) 24 (24) 31 (38)
Fish 63 (41) 103 (79) 140 (75)
Meats/meat products 199 (100) 187 (108) 154 (93)
Fast food‡ 27 (25) 22 (28) 17 (34)
Dairy products 338 (266) 226 (233) 109 (133)
METs-h/week=metabolic equivalents of weekly leisure time physical activities.
*Medical diagnosis required.
†Estimated values, see text.
‡Hamburger, sausages, and pizza.
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diet protects against mortality in patients who already
have established coronary heart disease.
The potential mechanisms explaining the protective
effect of a Mediterranean diet on diabetes have been
reviewed elsewhere.37-40 Two trials have shown that
virgin olive oil protects against insulin resistance and
the metabolic syndrome.6 7 Indexes of insulin resis-
tance were significantly improved among participants
allocated toaMediterraneandiet rich invirginoliveoil.
Olive oil is rich in monounsaturated fatty acids, and a
diet rich in monounsaturated fatty acids is beneficial
among thosewith diabetes andmight lead to improved
insulin sensitivity and better lipid profiles than diets
rich in carbohydrate.13 15 39 People allocated to a
Mediterranean diet secrete more glucagon-like pep-
tide-1,16 a finding also seen in animals.14 The non-fat
minor components of virgin olive oil also exert a
beneficial effect on pro-inflammatory cytokines.40-42
Apart from olive oil, adherence to an overall
Mediterranean-type food pattern is related to lower
plasma concentrations of inflammatory markers and
markers of endothelial dysfunction.43 44 These biomar-
kers are predictive of the future occurrence of type 2
diabetes.45 46 In addition, a large cross sectional study
nested in the nurses’ health study found that increased
adherence to aMediterranean diet was associated with
higher levels of adiponectin,47 and higher levels of
adiponectin are associated with a reduced risk of
diabetes.
Limitations
Thenumber of new cases of diabeteswas small, despite
the follow-up of several thousand people for over four
years. This small number of incident cases is a major
drawback and can compromise the statistical power of
our study. Nevertheless, our participants had high
absolute levels of consumptionof the typical food items
of the Mediterranean diet, even among those partici-
pants classified as poorly compliant (score <3). For
example, among those in the lowest category of
adherence to the diet, the estimated mean daily
absolute consumption (g/day) of olive oil (12),
vegetables (308), fruits (176), cereals (77), and legumes
(17) can be considered as healthy for the standards of
nutritional epidemiological studies. This high
consumption of plant based foods in our cohort could
bebecauseourparticipantswere fromaMediterranean
country and were highly educated and health con-
scious. The small number of new cases observed in this
study should therefore not be surprising. If the
Mediterranean diet is actually protecting against
diabetes, we would expecta low incidence in a young
cohort (mean age is 37.8 years) with these character-
istics. The low number of observed cases precluded
assessment of the specific role of single dietary factors
because we would have needed multiple adjustments
for other dietary factors (in addition to the confounders
already included in themodel) and the statistical power
to adjust for somany factors would have been low. The
Mediterranean food pattern has the potential to
minimise confounding by including nutritional con-
founders in the score and capturing effect modification
among the nutritional variables.5
Diabetes might have been under-reported in our
participants, despite their high educational level and
easy access to medical care—half of them are health
professionals. The proportions of participants aged
over 65 years across increasing categories of adherence
to the diet were 0.6% (score <3), 1.7% (3-6), and 3.5%
(>6). Therefore, older participants were more compli-
ant with the diet. If selective under-reporting of
diabetes was present among the older participants,
this would provide an alternative non-causal explana-
tion for our findings. We acknowledge this possibility,
but the proportion of selective underdiagnosis of
diabetes among older people is likely to be lower as
they receive closer medical attention and routine
medical care in Spain includes assessment of fasting
glucose.
All our participants are university graduates and the
generalisability of our findings toother groupswith less
education should be assumed only on biological
grounds but not at all on “representativeness” of the
general population. Also, the building of the diet score
wasbasedonsample specificmediancut-off points, and
our participants had high absolute levels of consump-
tion of favourable foods and low absolute intakes of
detrimental foods. Therefore, it will be difficult to
compare our results with those of non-Mediterranean
countries where levels of consumption of favourable
foods in the general population aremuch lower. This is
an additional limitation for external validity, but we
selected the score proposed by Trichopoulou et al for
the sake of comparabi l i ty wi th prev ious
studies.8 22-24 30-34
A potential caveat might be the quality of our
nutritional assessment. Food frequency questionnaires
are known to contain a certain degree of measurement
error, which might affect results that depend on such
questionnaires to assess diet and risk of chronic disease.
Total energy intake was included as a covariate in the
model to achieve the equivalent of an isocaloric diet
and to reduce measurement error in the score.
Measurement error, however, would probably have
introduced non-differential misclassification, and the
Table 2 | Incidence and relative risk of type 2 diabetes (confirmed cases) during follow-up
according to adherence (Trichopoulou’s score22) toMediterranean food pattern at baseline
No in
group
Unadjusted
cumulative
incidence of type 2
diabetes (%)
Incidence rate ratio*
adjusted for age and
sex (95% CI)
Multivariate adjusted
incidence rate ratio
(95% CI)†
Low (score 0-2) 2253 0.40 1 (reference) 1 (reference)
Moderate (score 3-6) 9604 0.23 0.41 (0.19 to 0.87) 0.40 (0.18 to 0.90)
High (score 7-9) 1523 0.13 0.17 (0.04 to 0.75) 0.17 (0.04 to 0.72)
*Poisson regression model with robust standard errors.
†Adjusted for sex, age, years of university education (three categories), body mass index (continuous), family
history of diabetes (two categories), hypertension at baseline (two categories), physical activity (three
categories), hours/week sitting down (five categories), smoking (three categories), total energy intake
(continuous). P=0.04 for trend from likelihood ratio test when Trichopoulou’s score was introduced as
continuous variable in fully multivariate adjusted model.
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implications for the results of this error would have
been to bias the estimates towards the null.
A potential limitation, inherent to every observa-
tional design, is the possibility of residual confounding
by unmeasured or unrecorded factors. Our major
confounders, however, were sex and age. Additional
adjustment for other factors made only negligible
changes in the estimates, suggesting that residual
confounding is unlikely.
Conclusion
Our prospective cohort study suggests that substantial
protection against diabetes can be obtained with the
traditional Mediterranean diet, rich in olive oil,
vegetables, fruits, nuts, cereals, legumes, and fish but
relatively low in meat and dairy products. The limited
number of cases of diabetes and the possibility of
under-reporting, however, requires that further larger
cohorts and trials are needed to confirm our findings.
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